Abstract. The observed scaling violations of the nucleon structure functions F 2 and 7:/have been analysed in the framework of perturbative QCD to determine the shape and magnitude of the gluon distribution. The data are in good agreement with leading order QCD, and the simultaneous use of t72 and ?/structure functions permits, for the first time, a reliable determination of the gluon structure :function.
Introduction
It is well known that quarks and antiquarks carry only about 50 % of the nucleon momentum, the other half being attributed to gluons. Apart from their task of binding the hadrons, gluons are expected to show up directly as elementary hadron constituents in hard hadron-hadron scattering processes such as Drell-Yan 1 Supported by the Bundesmini,~terium fiir Forschung und Technologie, Bonn, FRG 2 On leave from the Institute for Nuclear Research, Warsaw, Poland 3 On leave from the Dept. of Physics, University of Washington, Seattle, USA /z-pair production, direct photon production, and high-pr scattering, and in heavy quark production by photons, muons, and neutrinos. It is therefore important to know the gluon distribution in order to be able to make predictions for these reactions. In deep inelastic lepton scattering, gluons do not take part directly in the elementary scattering processes. However, QCD predicts that their interaction with quarks inside the nucleon leads to characteristic scaling violations in the observable structure functions via gluon bremsstrahlung and quark pair production. If the observed scaling violations are predominantly due to QCD effects, the measured Q2-slopes of the structure functions are directly related to the gluon distribution and can be used to determine its shape and magnitude.
Determination of Structure Functions F 2 and ~
The present analysis is based on the measurement of the structure functions F2(x,Q 2) -and ?ff(x,Q 2) = x(~ + d+ 2s--) by high-energy neutrino and antineutrino interactions in iron, using the CERN-Dortmund-0170-9739/82/0012/0289/$01.40
Heidelberg-Saclay (CDHS) detector [1] . The structure function F 2 is measured using narrow-band beam data only, whereas the measurement of ~, which needs high statistics, uses wide-band beam data in addition. In total we use 94,000 neutrino and 25,000 antineutrino charged-current events from narrow-band beams and 35,000 neutrino and 155,000 antineutrino events from wide-band beams. The data selection, extraction of differential cross-sections, and the determination of structure functions will be described in detail in a forthcoming paper [2] .
The structure function F 2 is obtained from the sum of neutrino and antineutrino cross-sections, whereas ~ is measured by antineutrino scattering at high y:
(2) + Here Ft. = F2 -2xF, is the longitudinal structure function related to R=affar=Fff2xF~ ; u , d, s, c are the up, down, strange, and charmed quark densities in the proton; and x~ '(x, Qz) is the strange-quark structure function in the nucleon as seen by the weak charge current. Note that in our QZ-range xSe(x, Q2) exhibits a threshold behaviour in contrast to xs (x, Q2) . This is due to the fact that the transition s~c is Cabibbo favoured and the charmed quark in the final state has a high mass. For the sake of transparency, mass correction terms of the order of Q2/v2, which were included in the analysis, have been omitted in (1) and (2).
To extract the structure functions F~ zv and ?/~ from the measured differential cross-sections we have to know R = alia r, and we need information about the shape and magnitude of charmed and strange sea and the effect of charm threshold. We take R(x, 9.2) from a previous analysis of the narrow-band beam data [3] and x~(x, Q2) from an analysis [4] of opposite sign dimuon data. Since the uncertainties in both quantities are large, the present analysis uses different sets of structure functions F2 N and ~/~ which are extracted under various assumptions about the strange and charmed sea and the magnitude of R(x, O2).
Radiative corrections have been applied according to the prescription of De R6jula et al. [5] .
Method of Extracting the Gluon Structure Function
The Q2-evolution of the structure functions F> ~, and the gluon distribution G(x) due to QCD effects are given by the Altarelli-Parisi equations [6] : !I df2(x, 9-21 _ ~s(9-2) pq~ F2(z, Q2)
txdz
Here NF2 and N~ are the number of flavours which contribute to the evolution of the F 2 and 7/structure functions, respectively. Our standard set of structure functions has Nv~ = N~= 4. The splitting functions P~ are known (in leading order) and the structure functions F 2 and ~ are measured. Given the structure functions F2(x,Q~ ) and ~t(x,Q 2) at some 9.o 2, and their 9.2-evolution at this Qo 2, we can determine 12n 2 C~s(Qo ) = 251n(Q2o/A2o) (or the scale parameter Aeo ) and the unknown gluon distribution G(x, Q2) on the basis of (3a) and (3b). The predictions of the Altarelli-Parisi equations for the Q2_ evolution of F 2 and ~ are compared directly to the measured slopes of our structure function set I (Table  1) in Fig. la, b for Q2=4.5 GeVZ/e 2, where the contributions due to gluon bremsstrahlung and gluon pair production are given separately. The curves shown correspond to the best QCD fit to the data as described below. The data are not precise enough to measure the slopes locally (in a small 9.2 range). The data points in Fig. 1 are therefore obtained by linear fits to F 2 in
In lnQ 2 for fixed x using all available QZ values. This procedure is only a rough approximation to the expected QCD behaviour, such that the data points do not have to agree completely with the correct QCD solution. However, they show very well that significant scaling violations are observed both for F 2 and 7/, and
